INTRODUCTION {#s1}
============

Granulocyte-colony-stimulating factors (G-CSFs) such as filgrastim have seen a recent increase in their use for numerous indications.^[@R1]^ One indication is mobilization of hematopoietic progenitor cells for collection from healthy donor before allogeneic stem cell transplant. In this case, the medication is administered to healthy individuals.^[@R2]^ These drugs have not been previously reported to be a potential cause of drug-induced liver injury (DILI).^[@R3]^ We present a case where a previously healthy patient presented with marked elevation of liver-associated enzymes 6 days after administration of filgrastim.

CASE REPORT {#s2}
===========

A 54-year-old Hispanic woman with a medical history of hypertension, hyperlipidemia, prediabetes, and obesity but no history of liver disease or cancer, elevated liver enzymes, risk factors for liver disease, presented for an acute elevation of liver function tests (LFTs) from previous levels within normal laboratory range. She was the matched related donor of her 31-year-old daughter with dedicator of cytokinesis 8 (DOCK8) deficiency, a rare, autosomal recessive form of hyperimmunoglobulin E syndrome, who was planned for hematopoietic stem cell transplantation.^[@R4]^ She was asymptomatic. The patient was a nondrinker with no family history of liver disease. She had an abdominal ultrasound 1 year before, indicated for nonspecific abdominal pain that showed no abnormalities. The patient had been on most of her medications for the last 5 years except for her blood pressure medications, which were hydrochlorothiazide-losartan combination pill that she had been taking for 3 weeks. She took no over-the-counter medications. She completed a course of stem cell mobilization from the marrow to peripheral blood with daily doses of 960 μg of filgrastim per standard protocol for 6 days and apheresis for collection on the day before the rise in LFTs.

Physical examination was unremarkable. Two days before receiving filgrastim, her LFTs were within normal range whereas on day 7, her alkaline phosphatase (ALP) rose to 534 U/L, alanine transaminase to 320 U/L, aspartate transaminase to 452 U/L, gamma-glutamyltransferase to 568 U/L, and lactate dehydrogenase to 658 U/L, and her platelet count decreased to 165 K/μL with a total bilirubin of 0.6 mg/dL and an International Normalized Ratio (INR) of 1.10 (Figure [1](#F1){ref-type="fig"}). All other liver workups including viral hepatitis, autoimmune, hereditary, and toxic etiologies were negative. Her abdominal ultrasound showed an enlarged liver (15.7 cm) with increased hepatic echogenicity, suggestive of mild hepatic steatosis, subsequently ruling out common features of obstruction of biliary tract and viral hepatitis as the cause of elevated liver enzymes. She never received filgrastim again. The patient was able to undergo successful apheresis and uncomplicated peripheral blood progenitor cell collection. After 12 days from filgrastim cessation, the LFTs improved to ALP 275 U/L, alanine transaminase 43 U/L, aspartate transaminase 19 U/L, gamma-glutamyltransferase 421 U/L, and lactate dehydrogenase 225 U/L, with a total bilirubin of 0.4 mg/dL. Forty-one days later, the liver chemistries normalized. The patient continued to be on a stable dose of hydrochlorothiazide-losartan combination pill and reported no changes in weight.

![Trend of liver function tests. Day 0 is the first day of administration of filgrastim. ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase.](ac9-6-e00098-g001){#F1}

DISCUSSION {#s3}
==========

G-CSFs are known to cause various adverse events in healthy volunteers such as bone pain, pyrexia, and rash and less commonly, splenic rupture, acute respiratory distress syndrome, vascular events, and exacerbation of autoimmune or inflammatory conditions.^[@R3],[@R5]^ Little is known about DILI from G-CSFs. Liver injury has only rarely been associated with filgrastim in the past, although it has never been reported in a healthy individual.^[@R6]^

This patient was an otherwise healthy hematopoietic stem cell donor who received filgrastim for mobilization of hematopoietic progenitor cells and presented with acute elevation of previously normal LFTs that normalized after stopping the exposure. The concurrence of filgrastim administration and acute rise in transaminases and ALP, followed by rapid down trending with drug withdrawal (Figure [1](#F1){ref-type="fig"}), suggests possible DILI secondary to the drug. To define the pattern of liver injury and determine the causality of the injury from filgrastim, we calculated the R value and the Roussel Uclaf Causality Assessment Method (RUCAM). Both R value and RUCAM are a part of the American College of Gastroenterology guidelines for DILI assessment.^[@R7],[@R8]^ The R value was 1.8 (cholestatic) initially, but it increased to 4.63 (mixed) in repeat evaluation on the same day and 6 (hepatocellular) on the following day. The RUCAM score was calculated to be 8, which in the absence of rechallenge, alcohol, pregnancy, or age above 55 years was the maximum possible score for the patient, indicating the causality relationship as "highly likely."^[@R9]^ As per the current guidelines for the management of DILI, the culprit agent was withdrawn with normalization of the liver enzymes.^[@R8]^ The patient\'s antihypertensive medications were unlikely to be a source of patient\'s liver injury because both the drugs are rarely associated with hepatotoxicity and the patient was on a stable dose of hydrochlorothiazide-losartan combination pill before the episode, during it, and continued on the same dose afterward as well, with no effect on liver enzymes.^[@R10]^

This is the first case where exogenous filgrastim was associated with elevated liver chemistries in a healthy individual. The relationship between G-CSFs and their effects on liver are complex and not well understood, with conflicting literature describing some beneficial role in patients with liver failure by improving function and prolonging survival.^[@R11]^ Interestingly, liver injury has been reported previously in patients with endogenous G-CSF secreting tumors in the past.^[@R12]^ Suzuki et al reported 3 common pathologic changes: focal necrosis with neutrophil infiltration in the centrilobular zones, fibrous change, and enlargement of the portal area associated with neutrophil infiltration and intrahepatic cholestasis, all of which were reproduced in vitro except for cholestasis.^[@R12]^ G-CSF--induced lipopolysaccaride sensitization was studied in rats and was suggested as a possible mechanism of liver injury.^[@R13]^ The patient presented in a cholestatic pattern and progressed to mixed and hepatocellular patterns consecutively with rapid resolution after withdrawal. It is important to be aware of the hepatotoxic effects of these drugs as they are commonly administered to individuals with no liver disease history and this might be an underreported adverse drug reaction.
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